Tactile sensory information is first channeled from the primary somatosensory cortex on the postcentral gyrus to the parietal opercular region (i.e., the secondary somatosensory cortex) and the rostral inferior parietal lobule and, from there, to the prefrontal cortex, with which bidirectional connections exist. Although we know that tactile memory signals can be found in the prefrontal cortex, the contribution of the different prefrontal areas to tactile memory remains unclear. The present functional MRI study shows that a specific part of the prefrontal cortex in the human brain, namely the midventrolateral prefrontal region (cytoarchitectonic areas 47/12 and 45), is involved in active controlled retrieval processing necessary for the disambiguation of vibrotactile information in short-term memory. Furthermore, we demonstrate that this particular part of the prefrontal cortex interacts functionally with the secondary somatosensory areas in the parietal operculum and the rostral inferior parietal lobule during controlled processing for the retrieval of specific tactile information.
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functional MRI ͉ retrieval ͉ working memory A natomical, physiological, and lesion/behavior studies show that tactile sensory information necessary to interpret texture, shape, and vibration is channeled from the primary somatosensory cortex (SI) on the postcentral gyrus to the frontoparietal opercular region [i.e., the secondary somatosensory cortex (SII)] and the rostral inferior parietal lobule (i.e., area PF of Economo or area 40 of Brodmann) for further processing (1) (2) (3) (4) (5) (6) (7) (8) . The secondary somatosensory areas in the frontoparietal opercular region and the rostral inferior parietal lobule, unlike SI, are bidirectionally connected with the prefrontal cortex (9) (10) (11) , which is responsible for certain aspects of control in working memory (12) (13) (14) (15) . Research on non-human primates using the tactile flutter discrimination task, which requires the comparison of two frequencies separated by a short delay, suggests that the prefrontal cortex is part of a network of areas involved in tactile working memory (7, 16) and, in human subjects, some neuroimaging studies have observed prefrontal activity during the performance of somatosensory discrimination tasks (17) (18) (19) (20) (21) . Although we know from the work of Romo et al. (16) that tactile working memory signals can be found in the ventrolateral prefrontal region of the monkey, where neuronal activity was recorded, activity in the polar prefrontal cortex (area 10), the orbital prefrontal cortex (areas 14, 13, 11) , the middorsolateral prefrontal cortex (areas 9 and 46), the dorsal posterior prefrontal cortex (area 8), and the medial prefrontal cortex (areas 9, 10, 8, and 14) was not examined in these studies, except in one monkey in which a limited sample of dorsolateral prefrontal cortex was explored (16) and in which (interestingly) no short-term tactile memory neurons could be found. Despite the fact that the clearest delay-related neuronal activity in the tactile flutter discrimination task was observed in the ventrolateral prefrontal cortex (7, 16) , delay-related activity in this task also has been observed in parietal SII (7, 22) , and delay-related activity may even exist within SI (23, 24) .
What is the contribution of the ventrolateral prefrontal cortex to tactile memory? There is some evidence, based on studies with visuospatial stimuli (25, 26) that, in situations in which there are no strong stimulus-stimulus associations or contextual cues that would be sufficient to guide retrieval, the midventrolateral prefrontal cortex (areas 45 and 47/12) is specifically engaged to disambiguate information in memory and lead to the retrieval of the required information. When retrieving information from memory, one can often rely on familiarity (e.g., ''I recognize this person''), strong stimulus-stimulus associations (e.g., ''I often see this person together with Jim''), or strong contextual cues (e.g., ''This person was at my brother's wedding''). In these situations, there is no ambiguity in the information to be retrieved. What happens, however, when there is ambiguity in the information to be retrieved and retrieval cannot be driven by familiarity and/or strong stimulus-stimulus or stimulus-context associations? For instance, the same stimuli may be related to each other in multiple ways over time and we might be required to isolate one aspect of this information that occurred at a particular point in time. Retrieval in such a situation cannot automatically be driven by familiarity or strong associations with other stimuli and specific contexts but would require the active controlled selection of the required aspect of this information. We distinguish between ''active controlled retrieval,'' which requires control processing to disambiguate memory information by enhancing relevant dimensions and suppressing irrelevant dimensions of information held in memory, and ''automatic retrieval,'' which does not require such control processing (14) .
The present functional MRI (fMRI) experiment was designed to test the role of the midventrolateral prefrontal cortex and the posterior association regions in such active controlled retrieval from tactile short-term memory. We know from anatomical studies that the midventrolateral prefrontal cortex is linked with posterior cortical association areas, such as SII and the rostral inferior parietal lobule, which are known to process somatosensory information (9) (10) (11) . The present fMRI study tested the hypothesis that the midventrolateral prefrontal cortex (cytoarchitectonic areas 47/12 and 45) is specifically involved in the active controlled retrieval required for the disambiguation of somatosensory information within short-term memory.
The experimental design involved a task in which, across trials, one dimension of tactile information (vibration frequency of 10 or 20 Hz) would be related to another dimension (duration of 0.5 or 1 s) in multiple and equiprobable ways so that no strong relations could be formed between particular frequencies and particular durations. The vibrotactile stimulation was applied to the index finger. Each trial started with an encoding period during which a stimulus combination (i.e., one of the frequencies together with one of the durations) was presented (Fig. 1) . The specific frequency and duration used in the encoding period of each trial were selected pseudorandomly, with equal probability across trials. After a short delay, a test period followed during which a visual cue was presented on the screen while a second vibrotactile stimulus was delivered. The subjects had to make a memory decision based on the visual cue. In the control recognition memory trials, the cue was a white square indicating that the subjects were required to recognize whether the current test stimulus was the same as the one they had encoded and were keeping in short-term memory. Simple comparison of the current test stimulus with the stimulus in short-term memory was sufficient to decide whether it was (or was not) the stimulus previously experienced. By contrast, in the experimental active retrieval trials, the memory decision could not be based on the simple matching of current information with information in short-term memory but required focusing on a specific dimension of both the test stimulus and the stimulus held in short term memory. A red cue instructed the subjects to retrieve the frequency of the encoded stimulus and compare it with the frequency of the test stimulus to decide whether they were the same or not, whereas a blue cue instructed retrieval of the duration of the encoded stimulus. For example, if the encoded stimulus (which is now in short-term memory) was a vibration of 10 Hz with a duration of 0.5 s and the test stimulus was a vibration of 10 Hz with a duration of 1 s, the subjects would have to make different decisions depending on the color of the cue: if the cue was red, the correct decision would be that the frequency of the encoded and the test stimuli was the same, whereas if the cue was blue, the correct decision would be that the durations of the encoded stimuli and the test stimuli were different (Fig. 1) . Clearly, for these active retrieval trials, simple comparison of the test stimulus with the memory trace of the encoded stimulus could not lead to the correct decision. The subjects were required to isolate the relevant dimension of the stimulus in memory and compare it with the relevant dimension of the current information. This active selection and comparison of information in memory is our operational definition of active memory retrieval (14) .
Results
Before addressing the key question in the present experiment, we wished to confirm that the classical somatosensory areas of the cerebral cortex were involved during the processing of the vibrotactile stimulation. For this purpose, we compared the blood oxygenation level-dependent (BOLD) signal during the encoding period of all of the trials with that of a baseline period (the last 2 s of the intertrial interval). As expected, we observed increased activity in cortical regions known to be important for the sensory processing and perception of somatosensory stimulation (1) (2) (3) (4) (5) (6) (7) (8) , such as the somatosensory and motor region around the central sulcus, the frontoparietal opercular cortex (SII), and the rostral inferior parietal lobule (area PF) [see supporting information (SI) Table 1 and SI Text for a complete presentation]. We should note here that the application of a nonlinear registration algorithm offered improved registration of the functional data between subjects and a decrease in the effect of intersubject anatomical variability on the results.
To address the key question of the present experiment, namely which prefrontal cortical region is involved in the disambiguation of somatosensory information in memory, we compared the test period of the active retrieval trials with that of the control recognition trials. All significant activity increases during the active retrieval test period relative to the control test period within the lateral prefrontal cortex were located within the midventrolateral prefrontal cortex (Fig. 2 ). There were three significant peaks of increased activity within the midventrolateral prefrontal cortex in the left hemisphere. One peak was situated anterior and ventral to the rostral tip of the horizontal ramus, where cytoarchitectonic studies (11) have shown that the rostral part of area 47/12 is located, i.e., just in front of the most anterior part of the pars triangularis [Montreal Neurological Institute coordinates (x, y, z) Ϫ46, 46, Ϫ4; t ϭ 5.8] (Fig. 2a) . A second peak of activity increase was found within the complex formed by the horizontal ramus of the Sylvian fissure [(x, y, z) Ϫ32, 24, Ϫ4; t ϭ 6.3] (Fig. 2b ) and where cytoarchitectonic analysis shows that caudal area 47/12 lies (11). A third peak of activity was observed in the caudal part of the pars triangularis of the inferior frontal gyrus in area 45 according to cytoarchitectonic studies (11, 27) [(x, y, z) Ϫ50, 24, 22; t ϭ 6.2] (Fig. 2b ). In the right hemisphere, there were corresponding increases in activity. For the group average, activity differences in the right hemisphere reached significance in the caudal part of area 47/12 within the complex formed by the horizontal ramus of the Sylvian fissure [(x, y, z) 36, 20, 0; t ϭ 5.3] (Fig. 2b) . Although not significant at the group level, in the right hemisphere, activity increases were also observed in the rostral part of area 47/12 in six of 12 subjects [(x, y, z) 42, 42, Ϫ4; t ϭ 3.4] and in area 45 in eight of 12 subjects [(x, y, z) 46, 30, 18; t ϭ 2.9].
It is important to note that the comparison of the test periods of the experimental and control trials did not reveal increases in activity in any prefrontal areas outside the midventrolateral prefrontal cortex (i.e., areas 47/12 and 45) . This can be demonstrated in various ways. First, all voxels within the dorsolateral prefrontal cortex and the frontopolar cortex had t values of Ͻ2, reflecting nonsignificant activity differences. Second, we compared the percent BOLD signal change for the peaks within the midventrolateral prefrontal cortex with values obtained from locations within the middorsolateral prefrontal cortex that previous studies (28, 29) had shown to be foci of activity increases related to the monitoring of information in memory [(x, y, z) Ϫ35, 42, 22; (x, y, z) Ϫ40, 32, 30; (x, y, z) 35, 32, 21] (Fig. 3) . Inspection of Fig. 3 clearly shows that there was no significant signal change in the middorsolateral prefrontal cortex, and the difference of the signal change between the middorsolateral prefrontal cortex and the midventrolateral prefrontal cortex was significant [F (6, 77) ϭ 11.517; P Ͻ 0.0001, ANOVA]). Outside the prefrontal cortex, activity increases were observed in the paracingulate cortex (area 32) [(x, y, z) 0, 22, 50; t ϭ 6.0], a region that has often been linked to tasks that require faster and more complicated stimulus-response associations (30) and in the septal area [(x, y, z) Ϫ8, 4, 0; t ϭ 4.7].
The findings reported above demonstrate that the midventrolateral prefrontal cortical region (areas 47/12 and 45) is involved Fig. 1 . Schematic diagram of the experimental design. All trials started with the appearance of a fixation cross followed by the encoding period, during which the vibrotactile stimulation was administered. A delay period ensued, followed by the test period. The trials differed only in the test period. The duration of the various periods was the same for the active retrieval and control recognition trials and is indicated below the diagram.
in memory decisions that require the disambiguation of somatosensory information in short-term memory. It is hypothesized that during these active memory decisions this region of the prefrontal cortex is interacting functionally with specific posterior association cortical regions, such as SII and the rostral inferior parietal lobule, which are involved in the processing of somatosensory information and which are strongly connected with it. To test this hypothesis of functional interaction, we examined whether there was a difference in the functional connectivity between the midventrolateral prefrontal cortex and these posterior somatosensory areas during the test period of the active retrieval versus the control recognition memory trials by using a procedure described by K. Worsley (www.math.mcgill.ca/ keith/fmristat). We observed a significant functional interaction between the midventrolateral prefrontal cortex and SII in the frontoparietal opercular region (Fig. 2 c and e) and the rostral part of the inferior parietal lobule (Fig. 2 d and e) . (Fig. 2 c and d) . The schematic diagram in Fig. 2e , illustrates this functional interaction (red arrows) between the midventrolateral prefrontal cortex and the secondary somatosensory region in the frontoparietal operculum (SII) and area PF (area 40) of the rostral inferior parietal lobule during the test period of the active retrieval trials compared with the test period of the control recognition trials.
Discussion
At the cortical level, tactile sensory information is initially processed in SI on the postcentral gyrus and is then channeled to SII and the rostral inferior parietal lobule for further processing so that tactile perception can be achieved (1) (2) (3) (4) (5) (6) (7) (8) . These secondary somatosensory regions are bidirectionally connected study between the midventrolateral prefrontal cortex and SII and area PF in the rostral inferior parietal lobule during the active retrieval of tactile information from short-term memory. Note that SII and area PF (which constitute higher stages in the processing of somatosensory information) are the recipients of tactile sensory input (black arrows) from SI on the postcentral gyrus. The temporal lobe has been pulled ventrally so that the frontoparietal operculum (where SII lies) and the insula can be seen. AR, ascending ramus; CS; central sulcus; HR, horizontal ramus; IFS, inferior frontal sulcus; IPS, intraparietal sulcus; L, left hemisphere; MI, primary motor cortex; MFS, middle frontal sulcus; PF; area PF of Economo; POS, postcentral sulcus; PRS, precentral sulcus; SF, Sylvian fissure; SFS, superior frontal sulcus; STS, superior temporal sulcus; R, right hemisphere; TS, transverse sulcus.
with the prefrontal cortex (9-11). The present fMRI study showed that, within the prefrontal cortex, the midventrolateral prefrontal cortex (i.e., cytoarchitectonic areas 47/12 and 45) shows increased activity when tactile memories require disambiguation (i.e., active controlled retrieval). Importantly, during tactile active controlled retrieval, the midventrolateral prefrontal cortex interacts functionally with the secondary somatosensory regions in the parietal operculum and the rostral inferior parietal lobule.
In the present task, for the experimental active retrieval trials, the subjects were required to compare a particular dimension (frequency or duration) of the currently presented vibrotactile stimulation with vibrotactile stimulation held in short-term memory to decide whether the particular dimension was the same or not. For example, the subjects could be asked whether the currently presented vibrotactile stimulus had the same frequency as the one in short-term memory, regardless of the duration of the stimuli. In this case, the subjects had to make a decision by isolating the relevant dimension from the information in memory, i.e., by facilitating the particular instructed dimension and suppressing the irrelevant one. Interspersed with these trials were control recognition memory trials in which the subjects were instructed to compare the current vibrotactile stimulation with the vibrotactile stimulation held in short-term memory and decide whether the two stimuli were the same or different. Clearly, these control trials did not require any disambiguation of information in memory; i.e., a simple matching/ nonmatching decision between the current test information and the information in memory could lead to the correct solution. This paradigm was created to simulate, in an experimental setting, automatic and active memory retrieval processes. Automatic retrieval can be used when there is no ambiguity in the relationships of stimuli to other stimuli/contexts and, therefore, when familiarity, strong stimulus-stimulus associations, or unambiguous contextual cues can lead to successful retrieval. In these cases, there is no need for control processing from the frontal lobes. In situations where information is embedded in ambiguous relations, however, retrieval requires additional control processing necessary for the disambiguation of the different features that comprise these memories. Anatomical studies in the monkey have shown that the midventrolateral prefrontal cortex has connections with posterior association cortical areas that are important for the perception and interpretation of sensory stimuli. The midventrolateral prefrontal cortex is, therefore, in a key position to interact with these posterior association cortical areas for the active controlled retrieval of information from memory. We propose that, for somatosensory memories, the role of the midventrolateral prefrontal cortex lies in its functional interaction with SII and the rostral inferior parietal cortex for the disambiguation of tactile information in memory (see Fig. 2e ).
Note that the activity related to such active decisions on tactile information in memory was observed specifically within the midventrolateral prefrontal cortex. Other prefrontal cortical regions, such as the frontopolar cortex (area 10), the orbital prefrontal cortex (areas 14, 13, 11), the middorsolateral prefrontal cortex (areas 9 and 46), the dorsal posterior prefrontal cortex (area 8), and the medial prefrontal cortex (areas 9, 10, 8, and 14), did not show involvement during the active controlled retrieval of tactile information. It is therefore of considerable interest that Romo et al. (7, 16) found robust tactile delay-related signals within the inferior convexity of the macaque monkey prefrontal cortex during a tactile flutter discrimination task in which a short delay separated two sequentially presented frequencies that had to be compared (16, 31) . This prefrontal region in the monkey corresponds architectonically to the human midventrolateral prefrontal cortical areas 45 and 47/12 (11), where we report specific increases in activity for the active retrieval of vibrotactile information. The single-cell recording studies performed by Romo et al. (7, 16) provide essential information about how neurons in this region encode and compare vibrotactile stimuli during memory tasks. The agreement between the fMRI results in human subjects and the single cell recording data from non-human primates is of considerable importance for the understanding of prefrontal function. Romo et al. (22) also reported that, within SII, during the presentation of the second stimulus, the response of a certain class of neurons depended on both the first and the second stimulus. Thus, clearly, both the inferior convexity of the prefrontal cortex and SII participate in short-term tactile memory decisions. The results obtained in the present study are consistent with the single-cell recording data. What these elegant studies did not address, however, because the recording was restricted to the ventrolateral prefrontal cortex, was whether other prefrontal areas participate in tactile memory and in what capacity. The fMRI data showed that (i) the midventrolateral prefrontal cortical region (areas 45 and 47/12) is specifically involved during the application of a certain type of executive control processing on tactile memory and that (ii), in doing so, the midventrolateral prefrontal cortex increases its functional interaction with the posterior somatosensory areas in the parietal operculum and the rostral inferior parietal lobule.
Although the present study does not examine the delay period between the presentation of the two vibrotactile stimuli, based on the data obtained in the monkey (6, 7, 22) , we can postulate that short-term memory depends on reentry of nerve impulses in reverberating circuits (e.g., ref. 32) that involve the midventrolateral prefrontal cortex and parietal cortical association areas for tactile short-term memory. The significant functional interaction demonstrated in the present fMRI study between the midventrolateral prefrontal cortex and the posterior cortical somatosensory areas emphasizes the existence of a critical coupling of information processing in this specific frontoparietal circuit specifically during the active controlled retrieval of information in memory. Although no information exists at the single-neuron level in the tactile domain, in the visual domain there is neurophysiological evidence that the prefrontal cortex exerts an influence on posterior visual association areas by way of its bidirectional connections with these areas (33) .
It should be noted that the specific role of the midventrolateral prefrontal cortex in tactile short-term memory is also expressed with other types of sensory information, although in interaction with completely separate posterior cortical association areas (26) . In the present experiment, the peaks of activity related to the active retrieval of tactile short-term memories within areas 47/12 and 45 of the midventrolateral prefrontal cortex were in the same general region that was shown to be responsible for the active retrieval of visual spatial and visual nonspatial stimuli (25, 26) . However, whereas this particular prefrontal region interacts functionally with SII and the rostral inferior parietal lobule during the active selection and comparison of somatosensory information in memory, in previous studies increased activity in posterior cortical regions was observed in the fusiform gyrus for the active retrieval of faces (26) .
There is by now considerable evidence that the midventrolateral prefrontal cortex is involved in a number of memory tasks that require retrieval under challenging situations. For instance, in the left hemisphere, on the basis of studies that examined semantic retrieval, it has been suggested that the midventrolateral prefrontal cortex is involved in controlled semantic retrieval (27, 34 -37) , as well as the control of proactive interference (38, 39) . Activity increases have also been reported within the midventrolateral prefrontal cortex during challenging spatial and other nonverbal memory tasks in which stimuli across trials are similar to each other and retrieval cannot be automatic (25, 26, 40 -42) . These results have led to the notion that the midventrolateral prefrontal cortex is involved in challenging retrieval situations requiring the application of control mechanisms. What is the source of difficulty in these challenging retrieval situations and what are the control processes that emanate from the midventrolateral prefrontal cortex? It has proved difficult to specify the aspect of difficulty that requires the involvement of the midventrolateral prefrontal cortex. In the present study, the source of retrieval difficulty is known precisely because it was experimentally created: It stems from the fact that, across trials, stimuli appear in multiple and equiprobable combinations. All vibrotactile frequencies are presented with all durations without any strong or stable associations being formed between them. On the test period of each trial, the subjects have to disambiguate within memory the two aspects of the memory trace; i.e., they must actively select and compare the relevant one while at the same time suppressing the irrelevant one.
Although it is not possible to know the exact source of retrieval difficulty in many of the fMRI studies that examined memory retrieval and observed activity increases within the midventrolateral prefrontal cortex, close examination of the paradigms used reveals that, in many of these studies, retrieval cannot be automatic because memory traces overlap and there are no direct and unambiguous links in memory between the particular stimuli that must be retrieved and other stimuli/contexts associated with them. For instance, verbal fluency tasks that reveal increases in activity within the midventrolateral prefrontal cortex require the production of words from a specific category (27, 43) . In this task, retrieval requires the active selection of the appropriate words from among many other similar words in memory that overlap in their links to various contexts. The present study provides specification of one source of difficulty in retrieval tasks and identifies the midventrolateral prefrontal cortex as a critical structure during such memory retrieval. The proposed operational definition for the role of the midventrolateral prefrontal cortex in tactile memory retrieval can generalize to many other retrieval situations in a number of other sensory modalities, including verbal memory.
Methods
Subjects. Twelve right-handed healthy volunteers (five males; mean age Ϯ SD, 23.5 Ϯ 5.0) participated in this study after providing informed, written consent. All subjects were trained outside the scanner 1 day before the scanning session.
Data Acquisition and Analysis. Scanning was performed on a 1.5-T Sonata MRI Scanner (Siemens, Erlangen, Germany). After a high-resolution T1 anatomical scan (whole head, 1-mm 3 isotropic resolution), six runs of 165 images each (38 oblique T2* gradient echo planar EPI images; 3.4 ϫ 3.4 ϫ 3.4 mm; time to repeat ϭ 3.5 s; time to echo ϭ 45 ms) sensitive to the BOLD signal were acquired. Each run consisted of 30 trials and lasted Ϸ10 min. We excluded from the analysis the first two frames of each run and the trials in which the subjects made an error. Images were realigned by using the AFNI image registration software (44) , blurred, and nonlinearly registered in the Montreal Neurological Institute standardized stereotaxic space (45) (46) (47) . Statistical analysis of the functional data were performed with fMRISTAT (48) . A detailed description of the methods is provided in SI Text.
Experimental Design. The subjects received vibrotactile stimulation on the index finger of one hand and responded with the index and middle finger of the opposite hand. Half of the subjects started with the vibrostimulator positioned underneath the index finger of the right hand and the other half started with the vibrostimulator positioned underneath the index finger of the left hand. The position of the computer mouse and the vibrostimulator was switched half way through the scanning session. Thus, half of the subjects received the vibrotactile stimulation on the right hand for the first three runs and then on the left hand for the last three runs, and the other half received the vibrotactile stimulation on the left hand for the first three runs and then on the right hand for the last three runs. On the day of scanning, all subjects received a short training session involving 10 trials at the beginning of the scanning session and after the switch.
During scanning, the experimental active retrieval and control recognition trials were pseudorandomly intermixed (Fig. 1) . Both trial types started with the same encoding period and differed only in the type of memory decision that they required during the test period that followed. All trials started with the presentation of a fixation cross in the middle of the screen for 1 s. A vibrotactile stimulus was then presented on the index finger of the subjects. The vibrotactile stimulus had a specific duration (0.5 or 1 s) and a specific frequency (10 or 25 Hz). After a delay of 4 -6.5 s (in steps of 0.5 s and pseudorandomly ordered), the test period started with the delivery of a second vibrotactile stimulus (which again had a specific frequency and duration) together with one of three visual cues that appeared on the screen. The subjects had 3 s to respond and, during these 3 s, the visual cue remained on the screen. If the cue was red, the subjects were instructed to make a memory decision based on the frequency of the stimuli and indicate, by pressing the appropriate mouse key, whether the test stimulus had the same frequency as the encoded vibrotactile stimulus, regardless of the duration. If the cue was blue, the subjects were instructed to make a memory decision about the duration of the stimuli and indicate whether the test stimulus had the same duration as the encoded vibrotactile stimulus, regardless of the frequency (Fig. 1 ). Because the subjects had experienced the two different frequencies and the two different durations of the vibrotactile stimuli in all possible combinations (e.g., high frequency with short duration, high frequency with long duration, etc.) there were no strong associations between any one of the frequencies and any one of the durations. For that reason, during the experimental trials, subjects could not rely on simple stimulus-or contextdriven retrieval but were required to isolate a particular aspect of the encoded vibrotactile stimulation and compare it with the relevant aspect of the test stimulus. In the test period of the control recognition trials, a white cue instructed the subjects to compare the test stimulus with the encoded stimulus in short-term memory to decide whether these two vibrotactile stimuli were the same or different and indicate their decision by pressing the appropriate mouse key. In these control trials, the vibrotactile test stimulus would be either the same as the one presented during the encoding period of the trial or a vibrotactile stimulus with the frequency of 75 Hz and durations of either 0.5 or 1 s. On the basis of pilot studies showing that subjects could not discriminate frequencies with durations of Ͻ0.5 s and that they could not discriminate 0.75 or 1.25 from 1 s, we decided to keep the durations of the alternative control stimuli the same as those of the experimental stimuli. Based on the debriefing of the subjects at the end of the scanning session, it was clear that the subjects relied on recognizing the test stimulus as being the same as the one that they had just encoded based on familiarity and did not pay attention to the alternative stimulus. This is in fact how we instructed the subjects to perform the control trials.
